jMVW1 „ 10/564075 

lAWRse'cilwTO 10 JAN 2( 

USE OF WHEY PERMEATE FOR THE TREATMENT OF 
METABOLIC SYNDROME 

DESCRIPTION 

Technical field 

The present invention relates to the treatment of metabolic 
syndrome or type 2 diabetes. Further disclosed is the use of 
whey permeate for producing dietary and pharmaceutical com- 
positions for the prevention and treatment of symptoms of 
metabolic syndrome or type 2 diabetes. 

Prior art 

According to WHO criteria, 63% of all men and 55% of all women 
in industrialized countries are overweight. Cause of this 
alarming development is caloric overnutrition with carbo- 
hydrates and fats with further reduction of the daily energy 
release. Even very small differences in the* daily energy 
balance have a large cumulative effect on body mass over the 
years. A daily caloric input of 0.3 % above the caloric 
consumption thus leads to a gain in weight of 9 . 1 kg in 25- to 
55-year-old Americans. The overweight individuals frequently 
develop a metabolic syndrome (Reaven GM, Curr. Opin. Lipidol . , 
1997, 8 (1) , p. 23 - 27) . 

In connection with the use of the term "metabolic syndrome" 
health professionals usually speak of the so-called "deadly 
quartet" which consists of overweight (obesity) , high blood 
pressure, elevated insulin level and lipid metabolism dis- 
order. In technical literature, the metabolic syndrome is also 
referred to as the first early syndrome or "prediabetes" 
("Pschyrembel, Klinisches Worterbuch" , 2 57 th ed. (1994) , p. 
321) . 
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Those skilled in the art understand "syndrome" to mean a 
complex of symptoms; a group of disease signs (symptoms) 
characteristic of a certain clinical picture with mostly 
inconsistent or unknown etiology and/or pathogenesis. 

Type 2 diabetes frequently develops as the metabolic syndrome 
further deterioriates . Increase in blood sugar is the most 
perspicuous feature hereof. Furthermore, these diseases 
promote an increased risk of secondary diseases such as 
arteriosclerosis. Further health risks caused by the 
pathological changes associated with diabetes are eye 
complaints, heart and vascular diseases, stroke, heart attack, 
kidney diseases, etc. 

In the past decades, the frequency of type 2 diabetes has 
increased considerably. The German Federal Office of Sta- 
tistics estimates that approximately four million people in 
Germany are currently affected. Other studies, however, assume 
considerably higher numbers. According to estimates of the 
German Diabetes Society, one in ten Germans will be affected 
by type 2 diabetes in 2006. The blood lipid levels (choles- 
terol, triglycerides) and blood pressure of overweight dia- 
betics are also usually increased. 

Contrary to type 1 diabetes, insulin is indeed produced in 
type 2 diabetes. However, this cannot be properly utilized by 
the body. The insulin is formed in the pancreas and ensures 
that glucose from food enters the cells. When glucose from 
food is supplied to the body and the blood sugar level in the 
blood rises, an increased amount of insulin is delivered to 
the blood in order to transport glucose to the cells, thus 
causing the blood sugar level to drop again. Once the body no 
longer reacts properly to the insulin, the cells become 
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insulin-resistant. According to Roche Lexikon Medizin, 4th 
edition, Urban & Fischer Publishers, 1999, insulin resistance 
is defined as the strong mitigation or the absence of a 
therapeutic effect of insulin. There are three explanations 
for the development of insulin resistance. Firstly, IgG 
antibodies may inhibit the biological efficiency of insulin, 
thereby increasing the daily demand to above 100 IU 
(International Units) . Secondly, an increased enzymatic 
cleavage of insulin may occur, or, thirdly, binding of insulin 
to its receptors may be reduced. As a consequence, an 
insufficient amount of energy reaches the cells while the 
blood sugar level remains high. This causes the pancreas to 
release even more insulin to lower the blood sugar level. The 
constant overproduction of insulin leads to an exhaustion of 
the insulin-producing beta cells in the pancreas and finally 
to insulin deficiency. 

Type 2 diabetics are frequently treated today with oral anti- 
diabetics. These include: 

a) drugs which delay the intake of carbohydrates, e. g. alpha 
glucosidase inhibitors , 

b) biguanides - a group of substances which both delay sugar 
resorption and inhibit sugar neoformation in the liver. In 
addition, biguanides promote the uptake of sugar into the 
musculature and at the same time repress the appetite; 

c) glitazones improve the sensitivity of the cells to insulin 
when this is still being produced - thereby lowering the 
blood sugar level efficiently; 



d) glinides regulate the blood sugar after a meal by stimu- 
lating the short-term insulin release from the beta cells 
of the pancreas by a special mechanism, 

e) sulfonylureas, which lower the blood sugar threshold, 
starting at which the beta cells of the pancreas release 
insulin . 

Besides oral antidiabetics, it can become necessary that insu- 
lin is supplied to the patient. Here, individualized forms of 
therapy are carried out which are tailored to the needs of the 
patient. 

The treatment of the metabolic syndrome substantially relies 
on the patient achieving a weight reduction by changing his 
eating habits and doing more exercise. However, additional 
drugs are often necessary to reduce blood pressure, blood 
sugar and blood lipids. Estimates concerning the costs 
incurred yearly in the USA by direct expenses and indirect 
costs through loss of productivity by the above-mentioned 
forms of treatment amount to a total of 98 billion dollars - 
and this is increasing. 

Therefore it is necessary to provide means and ways for the 
prevention and treatment of metabolic syndrome or type 2 
diabetes. Furthermore, means for preventing or delaying the 
deterioration of the symptoms as well as for relieving or 
curing them are required. Particularly, an improved treatment 
of metabolic syndrome is required in order to counteract fur- 
ther progression into type 2 diabetes. 

In the following, the term "prevention" means that the devel- 
opment of a symptom or a disease is prevented. The term 
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"treatment" means here each form of treatment for the im- 
provement of the disease symptoms, the delay of the progres- 
sion of the disease, the regression of the disease or the 
relief of the disease symptoms. 

Description of the Figures 

The following Figures show the results of animal experiments 
with sweet whey permeate for determining different parameters 
relevant for symptoms of metabolic syndrome or diabetes. 

Figure 1 shows the intake of feed and drink during the 6 -week 
period of observation in animals treated with sweet whey per- 
meate (SMP) and their controls. 

Figure 2 shows the development of body mass and the curve of 
blood glucose during the period of observation in animals 
treated with sweet whey permeate (SMP) and their controls. 

Figure 3 (a) shows the concentration of non-esterif ied fatty 
acids (NEFA) and insulin in the blood of the experimental 
animals before initiation of the treatment, after 3 weeks and 
after 6 weeks of treatment with or without SMP. 

Figure 3(b) shows the concentration of total and HDL choles- 
terol in the blood of the experimental animals before initia- 
tion of the treatment, after 3 weeks and after 6 weeks of 
treatment with or without SMP. 

Figure 3 (c) shows the concentration of LDL cholesterol and 
triglycerides in the blood of the experimental animals before 
initiation of the treatment, after 3 weeks and after 6 weeks 
of treatment with or without SMP. 



Figure 3 (d) shows the concentration of C-reactive protein in 
the blood of the experimental animals before initiation of the 
treatment, after 3 weeks and after 6 weeks of treatment with 
or without SMP. 

Figure 3(e) shows the number of leucocytes of the experimental 
animals during the 6 -week period of treatment when treated 
with or without SMP . 

Figure 4 (a) shows the blood glucose curve in the oral glucose 
tolerance test (oGTT) and the glucose excess areas before ini- 
tiation of the treatment. 

Figure 4 (b) shows the curve of the serum insulin concentration 
in the oGTT and the insulin excess areas before initiation of 
the treatment . 

Figure 5 (a) shows the curve of blood glucose in the oGTT and 
the glucose excess areas after 3 weeks of treatment. 

Figure 5 (b) shows the curve of serum insulin concentration in 
the oGTT and the glucose excess areas after 3 weeks of treat- 
ment . 

Figure 6 (a) shows the curve of blood glucose in the oGTT and 
the glucose excess areas after 6 weeks of treatment. 

Figure 6 (b) shows the curve of serum insulin concentration in 
the oGTT and the glucose excess areas after 6 weeks of treat- 
ment . 

Figure 7 shows the diurnal profile of blood glucose and lac- 
tate before initiation of the treatment. 
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Figure 8 shows the diurnal profile of blood glucose and lac- 
tate after 6 weeks of treatment. 

Detailed description of the invention 

It has surprisingly been found that administration of whey- 
permeate to animals recognized as models for metabolic 
syndrome and type 2 diabetes results in prevention of glucose 
intolerance and prevention of insulin resistance as well as in 
a lowering of the triglyceride concentration in the serum. 

Thus, according to the invention, a pharmaceutical composition 
is provided comprising whey permeate. This pharmaceutical com- 
position is used for the prophylaxis, treatment or prevention 
of hypertriglyceridemia, glucose intolerance and insulin re- 
sistance in. metabolic syndrome or type 2 diabetes as well as 
in secondary diseases arising therefrom in mammals, preferably 
humans . 

Examples of secondary diseases which accompany metabolic syn- 
drome or diabetes are vascular diseases, coronary insuffi- 
ciency, arterial occlusive diseases, myocardial infarction, 
xanthomas, abdominal discomfort, splenohepatomegaly , pan- 
creatitis, retinal lipemia, and/or stroke. 

Whey accumulates during the production of cheese from milk. 
According to the invention, cow milk, goat milk, sheep milk, 
buffalo milk and camel milk can be used for the extraction of 
whey after the casein present in the milk has precipitated. 
Depending on the type of extraction, a distinction is made 
between sweet whey, which develops as milk serum after en- 
zymatic precipitation of casein by rennet, and acid whey, 
which is extracted after separating casein by acid preci- 
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pitation. The pH boundary between sweet and acid whey is not 
very well defined and generally lies over or under a range of 
5.6 to 5.9. Sweet whey is preferably used in the context of 
this invention. 

The whey used according to the invention contains all water- 
soluble components of milk, unless these are precipitated by 
rennet or acid. In a particular embodiment, sweet whey is used 
containing about 4.9 % lactose, 0.8 % protein, 0.5 % mineral 
substances, 0.2 % milk fat, and 0.2 % lactic acid. 

By way of ultrafiltration (membrane procedure, average pore 
size: 25 to 100 kDalton) , the whey protein can be separated 
from whey. This "dewhitened" whey consists of about 95 % water 
and can be further processed to a powder by spray drying. This 
powder is herein referred to as whey permeate. In the present 
invention, the use of whey permeate extracted from sweet whey 
is preferred. The components contained on average therein are 
84.9 % lactose, 4.5 % protein, 0.1 % fat, and 7.5 % mineral 
substances. The remainder is non- separated water. These 
amounts are average values which may vary by 5 - 10 % 
(relative) , depending on the manner of production. Whey 
permeate can be used as such or after (partial) hydrolysis of 
the lactose. Preferred forms of administration of the whey are 
as syrups or powders, but other forms of administration are 
also possible. 

According to the invention hydrolyzed as well as partially hy- 
drolyzed sweet whey permeate is used. 

In a further embodiment of the invention, microencapsulation 
of the pharmaceutical composition comprising whey permeate has 
proven to be particularly advantageous. Microencapsulation can 
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be effected as described, inter alia, in the patent laid-open 
publications DE 198 54 749 Al and DE 100 08 880 Al and the 
utility model DE 296 23 285 Ul . The compound is firmly 
enclosed thereby, for example, in a coating consisting of a 
polysaccharide, such as alginate. A digestible component such 
as starch may be added to the coating so that the possibly 
indigestible covering substance does not prevent release of 
the compound, thereby rendering nutritional utilization* by the 
organism impossible. Delivery of the microencapsulated 
pharmaceutical composition to different regions of the 
intestinal tract can thus be targetedly controlled by an adept 
selection and/or combination of the soluble and insoluble 
coating components. Stepwise release in the intestine, e.g. a 
release of 50 to 80 % by weight, preferably 60 to 70 % by 
weight, particularly 62.5 % by weight, in the small intestine, 
and a release of 20 to 50 % by weight, preferably 30 to 40 % 
by weight, particularly 62.5 % by weight, in the large 
intestine is a possible type of targeted release. A further 
advantageous effect can be achieved by prolonged durability by 
protecting the encapsulated compound from, e.g., environmental 
influences . 

The use of the terms sweet whey or sweet whey permeate also 
includes all substances which can be extracted therefrom. 
These are proteins, sugars and their components, as well as 
mineral substances . 

Furthermore, the use of sweet whey permeate is preferred, from 
which lactose has been partially or totally removed. This 
sweet whey permeate is referred to as lactose-reduced sweet 
whey permeate for the purposes of this invention. Lactose-re- 
duced sweet whey permeate usually contains about 85 % lactose 
which can, however, be extracted therefrom for further use. 



Thus, lactose -reduced sweet whey permeate remains which con- 
tains between 0.1 and 80 %, preferably between 1 to 50 t, more 
preferably between 5 and 25 % lactose. Lactose-reduced sweet 
whey permeate still containing 10 to 20 % lactose is particu- 
larly preferred. 

The present invention further provides a preparation having 
the following effects, as also shown in the following exam- 
ples : 

- lowering the serum insulin level, 

- preventing the development of glucose intolerance, 

- preventing insulin resistance, 

- lowering the volume of the pancreatic islets, 

- reducing the volume of the (3 cells in the pancreas, 

- preventing the neogenesis of P cells in the pancreatic 
duct epithelium, 

- preventing the development of hyperinsulinism, 

- preventing inflammation of the pancreas (pancreatitis) 
or a selective inflammation of the islets and/or p 
cells (insulitis) . 

A further object is the use of whey permeate for the preven- 
tion and/or treatment of type 2 diabetes, especially for de- 
laying progression of the disease, preferably for improving 
the pathology thereof . 

It has surprisingly been found according to the invention that 
a morphological correlate exists for hyperinsulinism. This 
means that the p cell volume increases, small clusters of p 
cells appear in the exocrine pancreas, p cells are detected in 
the epithelium of the pancreas duct (indication of a 
neogenesis) and the P cell mitosis rate increases. This 
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morphological correlate suggests an increased demand on this 
organ which is partially compensated by a multiplication of 
cells, for example in order to utilize the excessive 
metabolizable energy. 

In addition, it has been unexpectedly found according to the 
invention that the administration of whey permeate results in 
a prevention of the increase in (5 cell volume and that these 
substances result in a reduction of the volume of the pan- 
creatic islets. The administration of the pharmaceutical com- 
positions and preparations of this invention for these pur- 
poses is therefore preferred. 

It has been preferred according to the invention that the use 
of whey permeate results in a lowering of the blood lipid 
values, particularly in a lowering of the triglyceride 
concentration . 

It has further been surprisingly found that a treatment with 
whey permeate resulted in a partially significant lowering of 
the serum insulin level when applied alone or in combination 
with further effective substances. These effective substances 
are alpha glucosidase inhibitors, biguanides, glitazones, 
sulfonylureas, glinides, or insulin. The use of whey permeate 
as well as the use of preparations containing further active 
substances besides the whey permeate is also provided within 
the scope of this invention, as long as the further effective 
substances do not have a negative influence on the effect of 
the whey permeate . 

In a further preferred embodiment, the whey permeate for the 
prevention or treatment of metabolic syndrome or type 2 dia- 
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betes is extracted from the milk of cattle, goats, sheep, 
buffalos, camels, or other milk-producing animals. 

A particularly preferred embodiment is directed at the pre- 
sence of the compositions or preparations of the invention 
containing whey permeate in the form of food supplements. Here 
also the use of (partially) hydrolyzed sweet whey permeate is 
preferred . 

In a further preferred embodiment, whey permeate is used for 
producing dietary and/or enriched foodstuffs comprising suit- 
able pharmaceutically acceptable additives. Examples of addi- 
tives are colorants, flavor enhancers, preservatives, binding 
agents, or fillers known to those skilled in the art. 

According to the invention, the above-mentioned substances may 
also be used for producing foodstuffs, for example dietary 
foodstuffs and/or food supplements, by which these become 
capable of preventing the metabolic syndrome or progression of 
type 2 diabetes and/or of relieving or curing the symptoms of 
these indications. Examples of such foodstuffs are dairy pro- 
ducts or fruit juices enriched with compositions of the inven- 
tion, however, other foodstuffs are also conceivable. 

In the treatment and prevention of symptoms of metabolic 
syndrome and of type 2 diabetes with the help of whey permeate 
containing composition or preparations, the dosage is varied 
individually, where appropriate, according to disease 
indication, age, weight and gender of the person to be 
treated . 

The concentration of the whey permeate containing compositions 
or preparations according to the invention in dietary and/or 



13 

enriched foodstuffs may vary depending on the selected suit- 
able additive and/or carrier, considering particularly the 
organoleptic properties of the final product. 

Furthermore, compositions according to the invention may be 
contained in a combination preparation for prevention or 
treatment of symptoms of metabolic syndrome or type 2 dia- 
betes. It is particularly preferred for a combination pre- 
paration to contain, in addition to the compositions of the 
invention, one or more of the following substances: alpha 
glucosidase inhibitors, biguanides, glitazones, glinides, and 
sulfonylureas. The administration of the combination prepara- 
tions may also be adapted individually to the needs of the 
patient. According to the invention, these combination pre- 
parations may be administered separately in two or more se- 
parate doses, or together. 

In addition, the use of a composition of the invention for 
producing a drug is particularly preferred, preferably for 
relieving or preventing the symptoms of metabolic syndrome and 
treating or preventing the development of type 2 diabetes, 
preventing the progression thereof as well as that of se- 
condary diseases which may develop from the metabolic syndrome 
or diabetes. 

The use of the combination preparations or drugs of the in- 
vention for the relief /prevention of the symptoms of the me- 
tabolic syndrome or type 2 diabetes is particularly directed 
at an application in humans, but the treatment of other mam- 
mals such as dogs, cats, horses, sheep, cows, or pigs, etc., 
is also included within the scope of protection. 
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The compositions and preparations of the invention are par- 
ticularly preferred for the control/prevention of the growth 
of (3 cells in the pancreas, the multiplication of (5 cells in 
the pancreas, the increase iri p-cell and/or islet volume, or 
pancreatitis in mammals, particularly humans. 

Furthermore, it is particularly preferred for the use of the 
inventive compositions or preparations to result in a 
reduction of the serum insulin level. 

It is further preferred that due to the administration of the 
compositions or preparations of the invention the development 
of glucose intolerance is prevented, or that the latter is 
mitigated. 

In addition, it is preferred for the administration of the 
compositions or preparations of the invention to result in a 
delayed increase in morning hyperglycemia. 

Furthermore, it is particularly preferred for the consumption 
of the compositions or preparations of the invention to result 
in a lowering of blood lipid values, particularly a lowering 
of the concentration of triglycerides, however, an influence 
on other blood lipids is also included in the scope of 
protection of the present invention. 

According to the invention, calcium lactate is not added to 
the pharmaceutical compositions or preparations comprising 
whey permeate . 

When there is an elevated content of trigylcerides in blood 
serum (> 160 mg/ 100 ml) , this is called hypertriglyceridemia 
(hyperlipemia) . This condition may play a role in the de- 
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velopment of arterial diseases and coronary heart disease 
(Vega and Grundy, Adv. Exp. Med. 243, 311 (1989)). In ad- 
dition, severe hypertriglyceridemia (> 1.000 mg/dl) is as- 
sociated with chylomicronemia and causes acute pancreatitis 
(see K. Soergel, Acute Pancreatitis, in: Gastrointestinal 
Disease 91, 3 rd edition (Sleisenger, M. H. and Fordtran, J. S., 
eds . ) , W. B. Saunders Company, Philadelphia, Pa., 1983, p. 
1462 - 1485; and Brown, M.S. and Goldstein, J. L. , Drugs used 
in the Treatment of Hyperlipoproteinemias, in: Goodman and 
Gillman's, The Pharmacological Basis of Therapeutics 34, 7 th 
edition, (Macmillan Publishing Co., New York, 1985, p. 827 - 
845) . Serious increases in chylomicrons directly cause 
pancreatitis which could be prevented by reducing the tri- 
glycerides (U.S. Department of Health and Human Services, NIH- 
Publication No. 89 - 2925, p. 74 - 77, January 1989, "Report 
of the Expert Panel on Detection, Evaluation and Treatment of 
High Blood Cholesterol in Adults") . It has moreover been shown 
that the risk of a stroke in patients with coronary heart 
diseases may be lowered by reducing the content of tri- 
glycerides in plasma (D. Tanne, et al . ; Circulation 2001, 104, 
2892 - 2897) . Furthermore, compared to non-diabetics, the life 
expectancy of type 2 diabetics is shortened by one third. This 
is probably directly associated with an elevated triglyceride 
level (Diabety Care; 2001, 24, 1335 - 1341) . It is therefore 
desirable as part of the treatment of symptoms of metabolic 
syndrome or type 2 diabetes to also provide a procedure for 
reducing plasma triglycerides in patients with hy- 
pertriglyceridemia . 

Oral administration of the inventive compositions or pre- 
parations is particularly preferred, however, other possi- 
bilities of administration are also included in the scope of 
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protection according to the invention, e. g. parenteral, in- 
travenous, etc. 

In a particularly preferred embodiment, components of the com- 
positions or preparations according to the invention are admi- 
nistered to prevent the symptoms of metabolic syndrome or type 

2 diabetes, or in order to mitigate or cure these. 

The concentration of whey permeate in a pharmaceutical or food 
supplement preparation lies between 0.01 % and 99.99 %, pre- 
ferably between 0.1 and 99.9 %, more preferably between 1 and 
99 %, particularly preferably between 1 and 80 %, even more 
preferably between 10 and 80 %, most preferably between 10 and 
50 %, relative to the total weight of the food supplement 
and/or the pharmaceutical preparation. 

The food supplements according to the invention or the pharma- 
ceutical preparations according to the invention may be taken 
or administered once or several times per day, e.g. in the 
morning, at noon, in the evening, together with, before or 
after meals, however, other administration plans are also 

conceivable . 

The invention will now be explained with reference to experi- 
ments which are not intended to limit further the scope of the 
invention . 

Experimental part 

Animal models/Test systems 

Zucker rats were used as the animal model for studying the 
effect on limited glucose tolerance, disturbed lipid meta- 



holism, on risk markers of cardiovascular changes and inflam- 
mation parameters. 

The Zucker rat is the result of a spontaneous mutation in the 
13M strain of Theodore and Lois Zucker in the Laboratory of 
Comparative Pathology in Stow, Massachusetts (phenotype fa = 
fatty) , which led to the so-called "obese" or "fatty" pheno- 
type. Both terms characterize rats that are overweight and 
obese . 

The Zucker rat develops hyperphagia at an early stage, result- 
ing in a rapid increase in body mass (overweight) . At the age 
of 5 to 6 weeks, it has already developed hypertriglyceri- 
demia, hyperlipemia, insulin resistance, accompanied by the 
development of glucose intolerance and hyperinsulinemia . At 
the age of 12 weeks, the glucose tolerance . disorder becomes 
manifest, and hyperglycemia may develop and thus a mani- 
festation of a clinical picture similar to type 2 diabetes. In 
this animal model, type 2 diabetes is accompanied by his- 
topathological changes of the pancreatic islets. In addition, 
changes of the cardiovascular system were also reported in 
this animal model. Thus, an increase in blood pressure has 
been measured in 5- to 7 -month-old animals (Yoshioka, Meta- 
bolism, Vol. 42 (1), 1993, p. 75 to 80). 

The studies of the influence of whey permeate for controlling 
the metabolic syndrome were carried out on so-called WOK.W 
rats. The WOK.W rat is an animal model which transmits a 
polygenetic disorder and develops almost all symptoms of the 
metabolic syndrome, male animals expressing these symptoms in 
a more pronounced manner. The specific properties of WOK.W 
rats are described, for example, in: 
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- P. Kovacs et al . , Ann. N. Y. Acad. Sci . , 1997, 827, 94 - 99; 

- P. Kovacs et al . , Biochem. Biophsy. Res. Commun., 2000, 
660 - 665; 

- J. van den Brandt et al . , Int. J. Obesity, 2000, 24, 1618 - 
1622; 

- J. van den Brandt et al . , Metabolism 49, 2000, 1140 - 1144. 

This model animal is suited to carry out exogenous modulation 
in the form of an intervention study when studying metabolic 
syndrome, especially since preliminary studies show that the 
disease incidence may be changed, for example, by fat -rich 
nutrition. 

Animal maintenance : 

The animals were kept under semi -barrier conditions with a 
12:12 hr light/dark cycle (light from 6:00 a.m. to 6:00 p.m.). 
Access to food (RM standard diet, Sniff, Soest, Germany) and 
drinking water was permanently possible for them. 



Table 1: Administered amount of the respective substances: 



Test substance 


Dose 


Application 


Sweet whey 
permeate (SMP) 


25 g/1; 

corresponding to approx : 
1.5 g/kg/day 


dissolved in 
acidified 
drinking water 


Control 




acidified 
drinking water 



Application of the substances 

The substances were dissolved in acidified drinking water (25 
g/1) and offered ad libitum to the animals instead of acidi- 
fied drinking water without supplement. The control group 
received pure acidified drinking water (pH 2.65) (in experi- 
mental animal maintenance, tap water is acidified with hydro- 
chloric acid to reduce germs) . The amount drunk was monitored 
daily, and the drinking water was always freshly prepared. 
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Analytical methods 

• The concentration of blood glucose and lactate was 
measured by means of Glucoseanalyzer (Super GL Ambulance, 

Ruhrtal Labortechnik, Germany) . 

• The determination of the concentration of immuno- reactive 
insulin (IRI) was effected by means of rat insulin- 
specific radioimmunoassay (Linco Research, Inc.; USA). 

• The determination of total cholesterol, HDL cholesterol, 
LDL cholesterol, and triglycerides occurred 
photometrically. 

• C-reactive protein was determined turbidimetrically . 

• The determination of the number of leucocytes occurred by 
means of the counting chamber method. 

Evaluation methods: 

• Display of blood glucose and insulin curves in the oral 
glucose tolerance test oGTT starting from the point in 
time -10 min before glucose administration up to 120 min 
thereafter. The mean curves for the test groups were 
represented for each parameter for the respective time of 
treatment. In order to judge the physiological and the 
treatment effects, the reactive and absolute excess areas 
were calculated for individual parameters corresponding 
to the study protocol for blood glucose and insulin (G- 
AUC and I-AUC from 0 - 120 min: figures 4(a) and (b) , 
5(a) and (b) , 6(a) and (b) ) . 

For this, the data regarding blood glucose and insulin 
concentrations were documented depending on the time of 
sampling. The reactive area was calculated as follows: 



- absolute area 



Fa= area under the curve of 



(absolute AUC, area 



the concentration of blood 



under curve) 



glucose or insulin, 
depending on time (0-12 0 



min) 



- reactive area 



Fr= Fa - t yo (t = total 



(reactive AUC) : 



duration of the 



experiment, yo = basal 



concentration of blood 



glucose or insulin) 



Explanation of the calculation, using the blood glucose 
concentration as an example: 

With a total duration of the experiment of 12 0 min and 
the sampling times -10, 0, 10, 20, 30, 40, 60, 90, 120 
stipulated in the experimental design, the absolute 
areas from 0 to 120 min are calculated as follows: 

Fa = (10yo4-20yl0 + 20y20 + 20y30 + 30y40 + 50y60 + 60y90 + 30yl2o) /2 

Fr = Fa-120yo 

Measuring units : G-AUC in mmol x min/1 

I -AUC in ng x min/ml 

• Pairwise comparison: The difference was formed between 
test and control situation, and it was tested using the 
t-test whether this difference was different from 0 (p < 
0 . 05) . 

• Comparison of mean values using t-test. 
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• Exceptional anomaly test according to 

" Verfahrensbibliothek: Versuchsplanung und -auswertung" , 

Volume 1, Berlin 1978, Rasch D. et al . , p. 408. 
Procedure/Experimental design : 

The Zucker rats were moved into hutches at the age of about 
14 weeks, and the tests were initiated after one week of 
adaptation. At the age of 15 weeks, the animals were ini- 
tially characterized with respect to parameters regarding 
glucose and lipid metabolism (inter a2ia blood glucose, 

concentration of serum insulin, cholesterol and trigly- 
cerides) , glucose tolerance (by means of oral glucose 
tolerance test) as well as inflammation markers (number of 
leucocytes and C-reactive protein) . The blood samples ne- 
cessary for this were taken from the tail vein. Then, the 
treatment was initiated. The determination of blood glucose 
concentration, body mass, number of leucocytes, and feed 
intake was effected continuously in weekly intervals. The 
intake of drinking water was monitored daily. After 2 and 6 
weeks of treatment, parameters of glucose and lipid metabo- 
lism were newly measured and the glucose tolerance was de- 
termined. 

In order to determine the glucose tolerance, glucose toler- 
ance tests were carried out after food deprivation during the 
night. During this, blood samples were taken in the period 
from 10 min before glucose application (via gastric tube) to 
120 min after glucose administration (2g/kg) in order to de- 
termine blood glucose (sampling times : -10, 0, 10, 20, 30, 
40, 60, 90, and 120 min) and insulin concentration (sampling 
times: 0, 20, 40, 60, 90, and 120 min) . Before initiation of 
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the treatment and 6 weeks thereafter, a daily profile (3 hr 
interval) of blood glucose and lactose concentration was 
produced. After termination of the regular 43 -day observation 
period, the treatment regime was also maintained after car- 
rying out the final oral glucose tolerance tests until pro- 
cessing on the 62 nd /63 rd day of treatment. The animals were 
killed by means of anesthetic overdose. After anesthesia had 

occurred, the pancreases were removed, and then fixed and 
stored for subsequent histological study in Bouin's solution. 

Sampl e s torage ; 

All serum samples were stored in the freezer at -20 °C until 
analysed . 



Results : 

Follow-up studies : 

Intake of feed and drinking water 

• Although the amount drunk was slightly increased in 
animals treated with SMP (Fig. 1), the amount of 
calories consumed daily was comparable in all groups 
(Fig. la) . The groups do not differ to a significant 
extent as regards their daily feed intake (Fig. 1) . The 
calculated energy intake on the 42 nd treatment day was: 

SMP group: 87.6 ± .6.6 kcal/24 hr 

Control: 87.9 + 25,5 kcal/24 hr 



Differences between the groups could not be validated. 
Development of body mass 

• The treatment groups do not differ as regards the 

development of their body mass (Fig. 2) . 
Blood glucose and insulin curve 



• Before start of treatment, i.e. at the age of 15 weeks, 
the concentration of blood glucose (Fig. 2) and the 
concentration of insulin (Fig. 3a) of the animals in the 
study groups were comparable. While in the control group 
after initiation of treatment the morning blood glucose 
continued to rise, as expected in this animal model dur- 
ing the course of ageing, this rise remained largely 
inexistent in the SMP group. 

• Compared to the time before initiation of treatment 
(n.s./not significant), the insulin concentration (Fig. 
3a) in the group treated with SMP dropped as the dura- 
tion of the treatment increased. The insulin concentra- 
tions remained at an unchanged level (control) . 

Lipid metabolism parameters 

• The concentrations of non-esterif ied fatty acids re- 
mained unchanged during the period of observation. There 
were no differences between the treatment groups (Fig. 
3a) . 

• Compared to the control group, the cholesterol concen- 
trations increased during the period of observation, as 
opposed to the SMP group (n.s., Fig. 3b). 

• The concentrations of HDL cholesterol remained unchanged 
during the period of observation (Fig. 3b) . Only before 
initiation of treatment were there differences between 
the groups, which were, however, insignificant for the 
effect of the treatment. 

• While the rise in LDL cholesterol concentration (Fig. 
3c) , as could be observed in the control group, could 
not be prevented by SMP treatment, it proved to be less 
than in the control group (n. s.) . 
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• A tendency for lowering the triglyceride concentration 
was recognizable in the group of animals treated with 
SMP (Fig. 3c) . 

Inflamma tion parame ters 

• The inflammation parameters C-reactive protein (Fig. 3d) 
and number of leucocytes did not alter during the 
therapies in the period of observation. 

Results of the oral glucose tolerance tests: 

• The curves of blood glucose and insulin concentrations 
during the oral glucose tolerance test (oGTT) of the 
groups before treatment were comparable (Fig. 4a and 
4b) . 

• After 3 weeks of treatment, no significant differences 
between the treatment groups regarding curve and excess 
areas of blood glucose and insulin were detectable (Fig. 
5a and b) . 

• After 6 weeks of treatment, blood glucose in the GTT of 
the SMP group increased considerably less and after a 
120 min period of observation it dropped to a signifi- 
cantly lower level compared to the control group (Fig. 
6a and b) . 

Analysis of the blood glucose curves (BG, mmol/1) of the 
GTTs before and after 6 weeks of therapy, mean ± SD (* p 
< 0.05 vs. control) : 
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Table 2 



Group 


Parameter 


Before 
treatment 


After 6 weeks 


CMC 


BG -10 min 

BG max 

BG 120 min 


4 . 94 ± 0.69 
11.64 ± 0.75 
7 . 95 ±1.27 


5.29 ± 0.79 
12 . 61 ± 2 . 10 
8.02 ± 1.42* 


Control 


BG -10 min 

BG max 

BG 120 min 


4.84 ± 1 . 17 
11.99 ± 2.03 
8.08 ± 2 . 14 


5.62 ± 0.59 
14.25 ± 1.58 
10.22 ±2.19 



• After 6 weeks of treatment, the glucose tolerance, 

measured as glucose excess area (G-AUC) in the GTT, had 
improved significantly in the group treated with SMP 
compared to the control group. While G-AUC in the 
control group increased during the period of observa- 
tion, it was comparable to that before initiation of 
treatment in the group treated with SMP. 

Evaluation of the reactive G-AUC 0 - 120 min (mmol x 
min/1) before and after 6 weeks of treatment, mean ± SD 
(p < 0.05 vs. control): 



Table 3 



Group 


Before 
treatment 


After 6 weeks 


SMP 


570 ± 75 


569 ± 145 


Control 


597 ± 124 


780 ± 138 
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Table 4: Comparison of selected parameters of patients 
and WOK.W rats 



Parameter 


WOK.W rat 


HUMAN 


Obesity 




+ + + 


Hypertriglyceridemia 


+ + + 


+ + + 


Hypercholesterolemia 


+ 




Dy s 1 ipoprot e inemi a 


+ + 


+ + + 


Reduced HDL cholesterol 




+ + 


Hyperleptinemia 


+ + + 


+ + + - 


Glucose intolerance 


+ + 


+ + + 


Insulin resistance 


+ + 


+ + + 


Hyper insul inemi a 


+ + 


+ + 


Hypertension 


+ 


+ + + 



1: +++ = very strongly pronounced, 2 : ++ = strongly 
pronounced, 3 : + = present 



The above table clarifies why the WOK.W rat is a highly suit- 
able animal model for metabolic syndrome in humans. 

Pancreas morphometry 

The examined pancreases were removed at the age of 16 weeks, 
i.e. after a 12 -week treatment period. The pancreases were 
embedded in paraffine and cut with a slice thickness of 7 pm. 
Every tenth slice was either stained with Hematoxilin-eosin 
(to show the volume of the islets and to evaluate inflamma- 
tion) or incubated with anti-insulin antibodies (to show the 
(3 cell volume) . In order to evaluate inflammation (insuli- 
tis) , 15 islets were counted. The immunohistochemical re- 
action was visualized with APAAP (stained in red) . The 
morphometric evaluation of the distribution of the islet 
cells and the insul in- forming (3 cells compared to exocrine 
cells, fibrous tissue and vessels was effected by counting 
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40,000 points of a net lying on top of the preparation. Four 
animals of each group were used in each case. 



Table 5: Results of the immunohistochemical examination of 
the pancreases 





Islet volume 


P cell volume 


Non p cell 
volume 


Control 
(n = 8) 


1 . 12 ± 0.06 
(1.00 - 1.53) 


0.98 ± 0.02 
(0.86 - 1.06) 


0 . 14 ± 0.05 
(0.02 - 0.47) 


SMP (n = 7) 


0 . 79 ± 0 . 12 
(0.41 - 1.21) 


0.63 ± .010 
(0.27 - 0.86) 


0 . 17 ± 0 . 04 
0.00 - 0.36 


P (vs . 
control) 


< 0.01 


< 0.005 


not 

significant 



The pancreas morphometry of the WOK.W rats showed that a 
morphological correlate for hyperinsulinism could be found 
(see table 5 above) . This manifested itself in an increase in 
the (3 cell volume, the appearance of small clusters of p 

cells in the exocrine pancreas, the detection of (3 cells in 
the epithelia of the pancreas duct (indication of neogenesis) 
and an increase in the p cell mitosis number, which are caus- 
ally involved in the development of hyperinsulinism. The de- 
tected morphology suggests an increased demand on this organ 
(e.g. by the increase in metabolizable energy), which was 
compensated in part by cell multiplication. 

By application of whey permeate in the drinking water, the 
increase in p cell volume is prevented or significantly re- 
duced after a 12 -week period of treatment. 
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Although whey is highly energetic, the appearance of selec- 
tive inflammation of the islets and/or (3 cells (insulitis) 
was not detectable in any of the examined animals. 

Study of serum insulin levels in WOK.W rats 

The study of the serum insulin levels in treated rats showed 
that they exhibited no increase or a lower increase in the 
serum insulin level during the period of treatment when com- 
pared with control rats. 



Table 6: Serum insulin values (ng/ml) of treated and un- 
treated WOK.W rats compared to controls of identical age. 



Group 


8 weeks 


16 weeks 


P 


Control 


3.61 ± 0.24 


6.12 ± 0.61 


< 0.01 


SMP 


3.77 ± 0.36 


4.47 ± 0.64 


not 

significant 



• During the observation period, the increase in glucose 
intolerance is prevented by treatment with SMP. 

• Insulin release during the oral glucose tolerance test 
(measured as insulin excess area; I-AUC) was highest 
after 6 weeks of treatment in the group of animals 
treated with SMP. 

• Insulin release in the oGTT was best stimulated after 6 
weeks of SMP treatment. However, the released insulin 
led only in the SMP group to a significant reduction in 
blood glucose in the oGTT. 

Table 7: Assay of reactive I-AUC 0-120 min (ng x min/1) , 



mean ± SD (standard deviation) : 



Group 


Before treatment 


After 6 weeks 


SMP 


578 ± 667 


897 ± 120 


Control 


711 ± 664 


745 ± 506 
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After 6 weeks of treatment, the (5 cells of the pancreas 
of the animals from the SMP group were best capable of 
reacting to the glucose stimulus. In addition, the ani- 
mals were less insulin-resistant. 

Diurnal profiles of blood glucose and lactate: 

• At the times before and after 6 weeks of treatment, the 
diurnal profiles of blood glucose show no significant 
differences between the treatment groups (Fig. 7 and 8) , 
the blood glucose concentrations of the group treated 
for 6 weeks with SMP being, however, lowest in the 
course of the day. 

• At some times, the diurnal profile of lactate shows sig- 
nificant differences between the groups. Lactic acidosis 
could, however, be excluded at any time (Fig. 7 and 8). 
The higher lactate concentrations before initiation of 
treatment are interpreted as stress reactions, since a 
familiarization effect of the animals to the blood 
sampling can still not have occurred at this time. 



